et

B

TECENICAL MZMORANDUMS
NAT IONAL ADVISORY COLMITTZE FOR AERONAUTICS

o —

—

A 7
~‘<(f747i/«<¢noé BN At
y .

No. 341

h7
4.2

STRENGTH CALCULATIONS ON AIRPLANES

By A. Baumann

From "Berichte und Abhandlungen der Wissenschaftlichen

Gesellschaft flir Luftfahrt," July, 19235

sy
S menal g ey

o ]

Washington
Decerbos, 1925




e —
Ay

.

. N,@W\mﬂiﬂiﬁi@ﬂ@"ﬂ"ﬁw“[

NATIONAL ADVISORY COMMITTEE FOR AERONAUT IGS.
TECHNICAL EMORANDUM NO. 341.

STRENGTH CALCULATIONS ON AIRPLANES.*

By A. Baumann.

Every strength calculation, including trose on airplanes,
must be preceded by a determination of the forceé to be taken
into account. 1In the following discussion, it will be assumed
that the mognitudes of these forces are known and that it is
only a question of how, on the basis of these known forces, to
meet tic prescribed conditions on thcone hand and the prac-

tical rcquirements on the other.

Allowable stresscs in ordinary alrplanes.~ Thesc werc

originally deternined only by cxperiment and it was the scrvice
of Bach to bring order oad harmony out of the great mass of dis-
connected dota and cstablish the ratio of 3 ¢ 3 ¢ 1 for the
allowablc stresses of constont, increcasing and alternoting
loads. There it became customary 10 associnte the allowable
stress w7ith the breaking strength and to adopt, for a static
load, a safety factor of 4 toc 5. It is now customary to use

the data thus obtaincd, where no specicl restrictions are
placed on the constructor, either with recspcet to weizht, change
of shope, price, cte. Baclhits prcface to the first edition of

his book on the mechanical principles plainly indicates, how-

* From "3erichtc und Abhandlungen der Wisgenschaftlichen Gesell-
schaft fur Luftf~hrt," July, 1935, pp. 48-52.
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ever, that he never thought of establiching definitely fixed
coeffiéients for all cases, but preferred instead to leave a
free hand to the judgment of the constructor.

According to the above ratio, a safety factor of 4 to 5
for a sbtatic load indicates the need of a 6 to 7.5 safety fac-
tor for an increasing load and a 12 to 15 safety factor for a
fluctuating load. As already mentioned, these large safety
factors were originally based on experimental results. In or-
der to judge of their necessity, it would bve importaant to know,
in each ingstance, on what basis ithey were calculated. It would
21ls0 be necessary to kxnow how uniform was the strengith of the
building material which served as thelr basis, since it is ob-
vious that any building material, the properties of which
fluctuate greatly in differcnt samples, calle for greater
safety factors than a building material of great uniformity.
The accuracy of production and assembling and the precautions
against eventual wear and possible excessive static or dynamic
stressing also have much to do with the magnitude of the safety
factor to be chosen.

As regards metal building materials, it may be assumed
that both their gquality and accuracy of production have, in
zeneral, improved. Morcover, the methods of calculation have
also been refined and increasing attention has becn accorded
the dynamic processes. Originally every strength calculation

was purely static and only in the course of time, probably be-



IS~

TiA.CoAs Technical Memorandum No. 341 3

gimning with thc inertia forces of the crank mechanism, did
dynamic action reccive any attention. The necessary result

was that the actual forces acting on any structural member werce
found to be greater than those obtaincd by static calculation.
A correspondingly high scfety factor had to be cmployed to
offsct the difference between the basis of the computation and
actuality. This holds especially true for increasing and
fluctuating stresscs, sincec both cases of loeding arc hardly
concecivable without accompanying effcct of inertia.

The question ariscs as to how far the cafety factor con
be reduccd, on the assumption of an absolutcly uniform build-
ing matcrial and thc fulfillment of all other requirements
regarding accurate calculgtion and production. With such o
basis, we could then make additions cccording to the partioular'
case and thus increasce the safcty factor as required.

This may be illustrated by an example. The allowablce
static tensile stress for wrought iron is calculated at 900 kg/
cm? (12800 1b./sq.in.). We can assumec a mean tensile strength
of about 3300 kg/cm® (4€937 1b./sq.in.) for this wrought iron,
with 5% variation above and below, so that the minimum strength
is accordingly 3150 ke/cu2 (44803 1b./sq.in.). If wc assume
that the yield point for this wrought ircon is located at 55%
of *he brecaking strength, then the yield point will be reachced
at 1750 kg/em?. In gencral, the working strcss must be Lopt

considcrably below the yield point, if the structural port is
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to perform its task, because, in only a very few cases, is any
appreciable elongation of the structural member possible with-
out producing disturbances of some kind. The 900 kg/om®
(12800 1b./sg.in.) allowable stress denotes, with respect to
the 1750 kg/cm2 (24890 1b,/sg.in.) 1limit, a safety fzctor of
1.9. We would hardly wish to go pelow a safety factor of 1.5,
so that a stress of 900 %e/cm2 (12800 1b./eqg.in.) is not so
much below the lowest allowable stress as people generally
think.

Now the greatest allowable stress for the same material is
800 kg/om? (8534 1b./sg.in.) with increasing load and 300 kg/cm?
(4267 1b./sqg.in.) with fluctuating load. These give, with ref-
erence to the yileld point, respective safety factors of 2.5
and 5. These figures are certeinly ample and allow for addi-
tional dynamic stresses. It is often saild that such a safety
factor is necegsary, in consideration of the fatigue of the
material, especially with a fluctuating load, but we may refer
in this connection, to the customary stressing of springs,
which are subjected to just such fluctuations and for which,
with respect to the static load, we are accustomed to reclon,
for railway cars, on 4500-8500 kg/cm? (84000-93450 1b./sq.ine.)
for a breaking strength of 15000 kg/cm? (213350 1b./sq.in.).
These figures correspoand, with reference to the breaking
strength, to safety factors of 2.3 - 3.3. In the case of the

springs, we can refrain from any reference to the yield point,
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sincz tempered spring stcel docs not have such a point. t is
difficult to say just how grcat the working stresses are, but
theoy may amount to 1.2 - 1.5 times the static load, occording
to conditions. This means that the fluctuating stresses would
be 5400-6800 (instead of 4500-{64000)) kg/cm? (76806-96718 1v./
sg.in,) cnd 7800-9800 (instcad of 8500-(92450)) kg/om® (110942-
139388 1b./sqg.in.). The safcty factor, witk respect to the
working strces, would fall to 1.8 - 1.5 or 1.9 - 1.5 (on an
average 1.6), while the usual stipulation would require 6 - 7.5
and pocsibly 13-15. Thereby such springs mcet the cnduronce
requircments. Though springs do occasionally break, it would
be difficult to say Thether the breaks, in the majority of
coses, arc due to over-stressing or to secondary stresses aris-
ing from toreion. For the springs cf motor cars we calculatc,
according to the conditions, with strcsses of the springs,

with respect to the static load, of 3000 to 5000 kg/cm2

142700-71117 1b./sg.in.), with a deflection of 50-150 rm

P

(1.97 to 5.91 in.) for the static load. It is customary to make
a further allowance of 50-150 mm (1.97 to 5.91 in.) for dyaamic
stresses, which would be equivalent to €000-10000 kg/conz,
(85340-142233 1b./sqg.in.), if the same ratio should hold be-
twecn deflection and load. The safety factors accordingly cor-
resyond throughout to the same ratics as for railwvay cars.

From the above we may concludce

l. That very large safety factors are cmployed in ordinary
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mechanical construction, but that the force of circumstanccs
gsometines compels the use of swmaller safety factors, vhich
may, in individual instances, ontaill no disadvantage.

2. Thot manifestly o distinction must e made petween
netericls which have a yield point or undergo very great ner-
manent clongations, increasing with the load, and materials
with which such is not the case.

3. That for materials with pronounced yield points, The
latter are in most cases important and decisive for the choice
of the safety factor and that, when the customary safety fac-
tor is apnlied to the vield point, it cannot ke regarded as
excessive.

4. Taat the uniformity of the building material is of de-

cisive importance.

Allowable stresses in airplanes.— Ir ailrplane construc-
P

tion, where all unnecessary weight must be avoided, we are al-
ways corpelied to employ small safety factors. The bullding
specifications, which soon became custormary, relieved the con-
structor of a large share of responsibility. There is a ques-
tion as to the expediency of this method, but anyway it is

very convenlent for the constructor. We will not discuss

these building specifications, but only state what follows

from them and what considerations devolve upon the constructor
as regards the practical requiremcnts, choice of building mater-

ials and safety factors.
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The building specifications stipulate definite breaking
strengths of the airplane framework for certain cases of loading.
The simplest way to meet these requirements, as regards the
mental labor, is to make a %reaking test, probably preceded by
a more or less rough cgtimate. This experimental method, how-
ever, can hardly give the best results, unless carried out in-
telligently and greatly extended, since it liecs in the nature
of thc case that this method only dctermines what portions of
the structure are too weak and not what are toc strong. When
a premature break occurs, it shows only what part must be
strengthened, thereby increas?ng the weight of the structure.
In many instances, morecovcer, it cannot be told wherc tae break
originatcs because it often happens that other members give way
in extremcly rapid succcession, following the perhaps unnotcd
failure of one member. It is therefcore advisable, under all
circumstances, not to be satisficd with the breaking test alone,
but to precede it with the most thorough calculation poscible.
In this case the question of the safety factors again becomes
important.

In connection with the above-mentioned general principles,.
the nature of the building material rust also be considercd.

For tﬁe supporting parts of airpvlancs the chief materials are:
wood, in its natural condition and as plywood; hard steel
(piano wire), stcel tubing; mild stecl, in thc form of plates

and welded picccs; light metals, such as duralumin and aluminum
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in combination with stecl; in the future perhaps "elektron,!
"silumin," ctce.

For wood and plywood, there is no elastic limit to be reck-
oned with, but for wood in its natural condition there is a
considerable lack of uniformity in strength, which is mostly
eliminated in plywood. The lack of any yield point renders it
possible, in the case of wood, aside from the allowance for
its lack of uniformity, to reckon with very small safcty foc-
tors. The same is true for hard steel, whereby care must be
taken to insert turnbuckles or other tightening devices in ca-
bles and wires for restoring the original length .in case of
stretching. The parts made from soft steel usually elongate
so 1little, that the permanent set when the yleld point is eox-
ceeded, although percentilely greatcer, has no important effect
on the shape of the whole structure. Moreover, in such cases,
readjustments arc usually possible by means of tightening de-
vices. A higher safety factor is often adopted for such parts,
especially as an ecxtra precaution in the casec of welds. Never—
theless, it has becen found in many instances that the stressing
of such individual parts in use has cxceeded the yield point,
which, of course, should be avoided.

In flattening out the course of an airplane after diving
or vhile banking in curving flight, +thrce.times the static
load is often exceeded. Thereby, in accordance with the build-

ing specifications, a breaking strength, corresponding to five
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times the static load, is employed as the basis of the calcula-
tion, Inasmuch as the yield point lies at 80% of the breaking
strength, the former is therefore reached at a threefold load
and exceeded at any load beyond that.

It is, however, not dangerous in itself if, as thc result
of exceeding the yield point, an apprecilable elongation of a
structural member occurs, as long as it does not affect the
shape of the whole supporting structure in such a way as to in-
terfere with its proper functioning. The situation is such
that as o result of stretching the member, the yield point of
the material at this location is raised, so that, if an equal
stress occurs a second time, no further permancent elongation
results.

" As regords metal airplanes, the problems are morc compli-
cated and difficult. This 1s s0 because in contrast with wood,
there is a far greater range in the choice of building materi-
als. If, for instance, duralumin is sclected, there is the
choice Detwcen several different kinds, differing from one an-
other in breaking strength, yield point and elongation. The
relations are such that the elongation at rupture generally de-
creases with increasing breaking strength.

The constructor cares most for a sufficient breaking

strength and elongation. For duralumin we have:
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Breaking Coeffic-

strength ient of Yield point

elongation
70

681 B 1/3 3800- 4100 kg/cme Aot 3650 kg/om?

5404958316 1b./sq.in 18781 37692 1b./sq.in.
681 B 380C- 4200 kg/cm? 18-30 3750 kg/cm®
5A049-59738 1b./sq. in. 39114 1b./sq.in.
631 B 1/2 4100- 4400 kg/cm? B 3150 ke/cm?
58316-62583 1p./sq.in. o010 44803 1b./sq-. ine
681 B strongly - 8000 ke/cm2 % About 5000~ 8000 kghbzf
stretched 85340 1b./sq.in. 71117-85340 1b./

50« in.

From the standpoint of strength, the harder kinds, with a
smaller elongation, would be preferable and, with corresponding
homogeneity, a considerable saving in weight and material would
be possible. An equal or greater advantage could, however,
probably e obtained by taking the yield point as the basis in-
stead of the breaking strength. In the first case, the break-
ing strengths are in the ratio of 2 ¢ 3. In the second case,
the yield points ere in the ratio of 1 ¢ 3. If we assume, on
the basis of the breaking strength and the maximum working load
(taking into considcration the presumable dynamic load of thrce
times the static load), a safety factor of 1.8, which would cor-

respond to a brcaking load of about 5, we obtain:
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Stress Yicld point

881 B 1/3 2500 kg/om2 2650 kg/cme
35558 1b./sq.in. 376023 1b./sq.in.

681 B 2500 kg/cm? 2750 kg/cm?
35558 1b./sq.in. 39114 1b./sqg-in.

681 B 1/2 2650 kg/com? 3150 kg/cm?
37693 1lb./sqg.in. 44803 1b./sq.in.

681 B strongly stretched 3750 kg/cm? About 5000 kg/cm2
53337 1b./sq.in. 71117 1b./sq.in.

It is obvious that, in using 681 B and 681 B 1/3, the stress
to be anticipated in operation is very near the yield point,
while in using 681 B 1/8, this strecs 1is considerably below the
yield point, although this stress is greater than in the first
case. If the maximum dynamic load were 3.5 (instead of 3) times
the static load, which is entirely possible for swift airplanes,
then we would have, with a five-fold breaking load, a safety

factor of only 1.4, ingtead of 1.6, with the following results:

Stress Yield point
881 B 1/3 2850 kg/cm? 2650 kg/cm?
40536 1b./sq.in. 37692 1b./sq.in.
681 B 2850 kg/cm2 2750 kg/cm®
40538 1b./sq.in. 39114 1b./sqg.in.
881 B 1/2 3000 kg/cm? 3150 kg/cm2
42670 1b./sq.in. 44803 1b./sq.in.
881 B stroagly stretched 4300 kg/cm? About 5000 kg/cm?
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Here the yield point in the first two cases would be exceeded,

although the breaking strength would meet the building specifi-

cations and no objection could be made from the standpoint of
danger of breaking, to the safety factor of 1{4, the hormogeneity
of the material being assumed. The harder materials naturally
have an advantage over the softer. One may therefore be tempted
to recommend the harder kinds, even though they have very small

elongation.

Value of the elongation. Why then does the constructor

prefer the materials having a greater coefficient of clongation
and renounce the advantages of greater strength?

In the first place, because, corresponding to what has al-
ready becen accomplished, there is, up to a certain point,
greater safety in the smaller strength with a greater coeffici-
ent of elongation, since the yield point itself goes higher
after it has been exceeded. The exceeding of the yield point,
however, is possible only with-.a corresponding loss of energy
(in the work done during elongation and in changing the shape).
If, therefore, excessive stressing occurs as the result of the
effects of inertia, there is the possibility that the energy
of inertia, causing the excessive stressing, will be consumed
by the work of changing the shape, so that the stress will not
increase beyond the breaking point, as might be the case,
should no great elongation occur. Such an effect can probably

be produced only by unusual landing shocks, but not in actual
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flight. This reasoning, which can be justified in many in-
stances in general mechanical construction, hardly holds good
for an alrplane wing. ‘

Another reason is that the workability of the material de-
creases with the elongation. A structural material of only 5%
elongation cannot be changed much by bending, crimping or
stamping, without rupturing. Up to a certain point, this can
be offset by suitable shaping and by methods not always easily
determined, as, for example, drilling holes instead of punch-
ing them. It nevertheless remains true that the employment
of stronger material with a smaller elongation is not always
possiblc.

A third reason, especially in the fabrication of slcnder
partg involving the use of thin metal plates, may be scen in
the fact that the sensitiveness of a material to local acci-
dental stresses 1g inversely proportional to the elongation.

A further reason, which, however, is not important in air-
planc construction, is that the greater the elongation of the
material the less its sensitiveness to temperature stresses.

A1l in all, we can therefore conclude that, in so far as
workability considerations are not decisive, the greater
strength cdue t0 high yield points is more important for a ma-
terial than the elongation.

In this connection, it mist also be remembered, when ma-
terial with a greater elongation is preferred on account of its

workability that, when the working is accomplished by exhaust-
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ing the elongation, the finished piece then consists of a mater-
ial having a swmaller elongation. There is then all the less
reason for constructing other parts, to which like considcra-
tions ¢o not apply, from materials héving greater elongation.

As regards the tendency to fatigue, the conditions are
generally such that hard materlals possess it to a less degree
than soft materials, because there is less danger of exceeding
the yield point of the former than of the latter. |

In this connection, especial attention is called to the
following. In most cases, not all the structural menbers are
stressed the same, nor have the same yield point. In other
words, whea an aifplane has to support a certain load, the
yield point ie not reached at the same instant in all the men-
bers. This may produce unpleasant results, according to the
degree of interdependence of the individual members. If the
yield point ieg exceeded in one member, so that it is permancnt-
ly cistorted and tends to maintain its position, then the ad-
joining mcrber, which has not becn permanently deformed, tends
by its clasticity to restore the original shape. As to whether
and how far this tendency is successful depends on the condi-
tions. If it succeecds, then very troublesome conditions are
produced, since the overstressed member is again distorted in
the opposite direction and a disastrous fatigue of the material
is soon produced. This also holds true, in a somewhat modified

form, for building materials which have no yield point in the
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aarrover scnsc, but undergo, in some other way, increasing per—
mahent elongation with increasing load. .

In thesec cascs, the fact that the cxceeding of the yicld
point raisecs the latter for succecding loads, probably does
not improve the situation. At any rate, I know of no experi-
ments on such cases. The structural member is brought back to
its original position, which is possible oanly by again dis-
turbing thc structure of the material and it is a question
whether, in the repetition of the process after remedying the
Gistortion, the yield point will correspond to the load first

attained. TUnder all circumstaonces, the occurrence of such

loads and deformations should be avoided.

Conclusicons.— After oll, it appears opportune, at least

for metal airplancs, to take into account not simply the break-
ing strength of the structure, in the sense of the building
specifications, but also the distortion and the effect of the
yield point. At the present time, there is lacking in this re-
spect, cvery datail regarding both the safety factor with re-
lation to the maximum working strcss and with relation to the
yield point. It scems at lcast necessary to require, in build-
ing specifications, in addition to the breaking strength, a
statement of the maximun permanent distortion under the influ-
cnce of a stipulated load. It might also be advisable to pre-
cede the breaking test ith a rcepecatced loading and unloading

with a stipulated multiple load (of about 3.5-fold). The prep-
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aration of the suggested spccifications might well be left to
the committce on constructive problems in our association.

In recént ﬁimes the number of light metals has been great-
1y increased. It would be opportune to investigate theilr
adaptability to airplane construction in comnection with the
above suggestions. The published data on their chéracteristics
are incomplete. It would, in any case, be desirable for our
asgoclation to undertake their investigation by having a com-
nmittee work out some plan for having these investigations
made in one or more laboratories, with special regard to the
requirements of airplane construction. The means for these
investigations could be provided from the emergency funds of
the German scientific societies.

For the strength calculations of an airplane, we could
start with the anticipated stresses with respect to speed,
banking ability and pressure distribution on the wings. This
load multiple would lie at 3.5 for slower airplanes and 3.5
for faster ones, without exceeding the maximum limit by in-
creasing the flight characteristics beyond what is now custom—
ary.

Attention should then be given to the scelection of the
building materials, with special regard to their homogeneity
and the determination of their yield points. Their allowable
stressing should then be so choscen, with regard to the dezrce

of uniformity that, at a 2.5 to 3.5-fold locad, the stress
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would still lie below the vield point. It should be borne in
mind, however, that the increases in stress are not proportion-
al to the loads in all cases, but sometimes at a higher rate.
The elongation, to bc assumed as desirable, depends on the pre—
liminary processes of riveting, bending, crimping, etc. It is
doubtful, however, whether a minimum coefficient of elongation
should be prescribed, as in other building specifications
(e.gs, boiler construction). There seem to be more reasons
against than for such a course.

Not all building materials have a yield point. The elas-
tic 1limit would then have to be substituted in its place. This
is always an arbitrarily fixed quantity, concerning which an
agreement is necessary. The question is at what percentage of
permanent set it shall be vlaced. The stresses should remain
below the limit of elasticity, as previously below the yleld
point.

It would not be desirable to make, on the basis of such
considerations, strict building and calculating stipulations,
which might 1ull to sleep the sense of responsibility and ob-
struct progress. Only guiding principles should be stated,
in accordance with which the strength characteristics of new
buillding materials should be investigated with regard to their
suitability for airplane construction.

It would be necessary to investigate another property of

building materials, which is important for all light construc-
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tion and especially for airplane building. This is the strongth
of the materials in obstructcd contraction and elongation.

Such anyobst}ﬁction may be cuc tq various causes. The best
known causc is that of notching, wherc the material adjoining
the notch ecxerciscs a stiffening effect and obstructs the con-
traction of the cross-section, which rmust go hand in hand with
the elongation. 8uch an obstruction can also occur when, at

any point, forces act in differcnt direcctions, as is conceiva-
ble at least at junction points.

Time is reguired for the dcvelopment of every contraction
and elongation. If thc effect of the force follows so guickly
as to allow no time for the elongation (landing shock, jolts,
etc.), a condition must arise which is similar to that proluced
by notching.

It depends entirely on the properties of the bullding ne-
terial: on the onc hand, its cohesion; and on the other hand,
the prevention, connected with the flow, of the breaking along
crystal surfaces, whether an obstructed contraction increascs
or diminishes the strength. Hence, under certain conditions,
we find 1little notch tenacity with great strength and good
elongation.

The strength characteristics of the new building materials
should be cdectermined under such conditionsg. Such investiga-
tions are all the more desirable, since the notch tenacity,

which, as already mentioned, depends on similar processes, has
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so far as known, extremely low values for all light metals.
These values, however, differ from one another, between 0.48
(369) and 1.5 (840) while they run as high as 12 m-kg/cm?
(8700 in.-1b./aq.in)for soft steel.

Inasmich as we do not have reliable data, we must adopt
higher safety factors in cases where we have to do with stresses
likxe those- described above.

In conclusion, I would again recommend, in the cases aris—
ing in airnlane construction, where the calculations are made
with very high strcsses and small safety factors, that the safe=,
ty factors be based on the breaking strengths as determined by
tensile tests, and also that the committee on comnstructive
problems make a thorough investigation of the indicated ques—

tiong.:

Discussion

Prof. Reisgsner: "Mr. Baumann has called attention to all

the difficulties and the possibilitieg of their solution now
confronting the calculation of the safety factors of airplanes,
even after the determination of the distribution of the
stresses in all the structural members. The committee on con-
structive problems of our association has already considered
the very problems poscd by Mr. Baumann, but has thus far bvecn
unable to agree ent;rely on their formulation. I hope that

Mr. Baumann will cooperate more than hitherto with our committee,
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so that we may ultimatcely solve these important problems.”

Engincer Weyl: "I wish to speak bricfly on a point which

seems to me to be of very great importance for the further de~
velopment of our aviation.

"This is the question of the strength of our airplancs.
What strength requireménts shall the airplane builder take as
the basis of his designs? This problem is yet far from being
solved. We believe, however, that the German building speci-
fications ("Bau- und Liefervorschriften," 1918) do not guaran-
tee the requisite degree of strength under all flight condi-
tions for high-powered airplanes of the most modern types.
These modern airplanes are much swifter and have a much higher
speed limit in diving than the 1918 types. Moreover, a transi-
tion to airplane types with cantilever wings of good aspect
ratio is gradually taking place.

"This question is likewise not settled in other countries.
A cpmpilation of the strength requirements in the different
countries, by Iperide Leveratto ("Rendiconti Tecnici," April 15,
1924, p. 18) gives the following data:

"The Spad VII single-seat pursuit plane with a 140 HP.
Hispano-Suiza engine, a well-known French combat plane from the
year 1917, has for the case of "flattening out" (German "A"
casc) an actual strength of 7.9 times the load. According to
the German "Bau- und Liefervorschriften," this airplane (a sin-

gle-strutter with intermediate struts) had to have, in the
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breaking test, a load multiple of only 6.5; according to the
United States specifications, 8.5; according to the French
specifications, 6.7; according to the Italian specifications,
10, 3.

"You see how widely the strength requirements differ in
the different countries for this relatively weak and not very
efficgient airplane. It is still worse in the case of an effic-
ient modern single-sceat pursult plane of 300 HP. For instance,
the Italian Plaggio single-seat pursuit plane, a low-wing can-
tllever airplane which I will discuss more minutely in my lec—
ture, should have, at the breaking point, according to the
1918 3.L.V., a load multiple of 6.5; according to the United
Statcs snmecifications, 8.5; according to the French specifi-
cations, not less than 14.9; according to the Italian specifi-
cations, 10.5. As a matter of fact, the breaking test with
this airplanc showed a strength of 18 times the normal load.
In any case, therefore, this airplane is much too strong,
i.e., mch too heavy." {This airplane has recently been re-
constructed on this account.)

"The casc is different for very laige airplanes. For in-
stancec, the Caproni thrcoc-engine airplane, type 3, has an ac-
tual wing strength of 6.12 timecs the load, while the French
specifications require only 3.2 for an airplane of this kind,
i.cs, less than the 1918 B.L.V.

"The French doubtless have the greatest strength require-
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ments for small airplanes. Taey take, as the basis of the load
factor, a relationship, according to which the strength is pro-
portional to the inverse value of the 1ift and to the third
power of the speed. This seems logical. At any rate, we odn
make no further progress by classifying the airplane strength
according to the German 1918 B.L.V. We will also be obliged

to take flight-imechanical relationships and drag cocfficlents
as the basis of the load multiples. As to how high we have

to zo with the strength factors of modern airplanes is now the
subject of o thorough theoretical investigation in the German

Experimental Institute for Aviation.®

Prof. Schlink likewise expressed his appreciation of Prof.

Baumann's lccture and asserted that it was high timec to mnke
morc thorough investigations concerning the safety factors of
materials employed in acirplane building. Anyway, they could
not bc as small as for other technical structures, since there
are static indeterminates in every airplane. Moreover, he
callecd attention to the need of special care, in strength prob-
lems, to give the different parts of an airplane the seme
safety factor. Too little attentieon is now being given thais
point and much rescarch work must be done in this connection.
With reference to wood as a2 building meaterial, he remarked
that it varied greatly in strength and that in this year's

gsoaring-flight contest in the Rhoen Mountains, it was found
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that powerful stresscs were produced in wood by the action of

moigture, which might cause breaks under favorable conditions.

Translation by Dwight If. Miner,
National Advisory Committee
for Aeronautics.
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